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climatic conditions the subject is not so clear. Some of the
characteristic members of the Connacian group are, however,
unJoubtedly frigofuĵ e and their distribution is corresponding.
Further parallels between isophytic and isothermal lines may be
drawn without difficulty amongst the southern and western plants.
Nevertheless much information is still wanting before we can
determine how far the present distribution of the flora has been
effected by conditions of climate.

THE PODOSTEMACEAE OF INDIA AND CEYLON.

IT is no easy matter to elucidate the extremely complex
morphology of an order like the Podostemaceae and botanical

science is indebted to Mr. Willis, for a valuable contribution
towards the knowledge of this interesting* group of aquatic plants,'
which is so completely adapted to a life in rushing water. In fact
the habitat of the Podostemaceae is so unique, that their only
competitors are a few specialised Bryophytes: and since the different
genera are adapted to water of different speed there is even little
struggle for existence amongst the various members of the order.
Such a state of affairs has allowed of an extreme of morphological
differentiation only paralleled elsewhere in the vegetable kingdom
amongst the seaweeds, whose external morphology is frequently
copied to a considerable extent in the vegetative organs of the order
in question.

Except in the concluding remarks, Mr. Willis's paper deals
only with the Podostemaceae of India and Ceylon, and the
forms there represented are amongst the most specialised of the
order. This specialisation, which evinces itself in the more or less
extreme dorsiventrality and flattening of the horizontal portion
and reduction in size of the secondary shoots of the plants in
question, is regarded more as an adaptation to the dangers of a
life in flowing water, than to the rapid current itself. Plants, such
as the Podostemaceae, which live in a rapidly-flowing stream, are
continually exposed to the danger of a fall of the water-level and
are also probably subjected to a considerable scour. Mr. Willis
points out that many of the South American Podostemaceae, which
have well-developed leafy shoots, live in very swift water, so that
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this latter factor in itself would not appear to be the cause of the
specialisation in external morphology, attained by the Indian
members of the order. There seems, however, no reason for
assuming that it has played no part in the evolution of the plants
in question.

In general the plant in the Podostemaceae may be said to
consist of a horizontal portion, which is in more or less intimate
contact with the substratum and from which numerous secondary
shoots are endogenously formed. This horizontal part is apparently
of root-nature (except in Lawia), but it is preferable not to
denominate it root, as most of the structures concerned would
scarcely come under our ordinary conception of this organ. The
term tliallus, which Mr. Willis proposes, seems quite useful in this
connection. In most cases the growing-point of this thallus has
a distinct collenchymatous cap ; the branching is either endogenous
or exogenous. Starting with Tristicha rainosissiina, which inhabits
relatively slow-flowing water and has a purely filamentous thallus,
a whole series of stages may be found ending in the broad, flattened
liverwoi t-or lichen-like structures of the Hydrobryums of the rapids.

The thallus buds out laterally (and generally endogenously)
from the primary axis which is developed from the germinating
seed. The embryo is always destitute of a radicle and the hypocotyl
immediately bends towards the substratum, to which it becomes
attached by rhizoids and frequently also by the haptera, so charac-
teristic of the order. In general the primary axis remains quite
short, only four or five leaves beyond the cotyledons being developed ;
In Hydrobryum olivaceniii however it may attain a height of as much
as 5 cm., and bears a number of long leaves at its apex, whilst
certain very much elongated shoots, found in connection with the
adult thallus and secondary shootsof WUlisia selagiiioides, have been
interpreted by Mr. Willis as the primary shoots of this plant. Such
cases lead to the assumption that the Podostemaceae have arisen
from ancestors with well-developed primary shoots, from which
lateral adventitious roots arose.

It is impossible in the limited space I have at my disposal, to
give any conception of the variety of form that can be assumed by
the mature thallus, and I will only mention that in some species of
Dicraea and Hydrobryum considerable polymorphism of this organ
of the plant prevails. The numerous secondary shoots, which arise
from the thallus, also differ greatly in character in certain genera.
In Tristicha and Podostemon they are well developed, whilst in the
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majority of the Indian Podostemaceae they are much more
reduced and bear small, sheathing leaves. The shoots of Tristicha
are peculiar in that they develop numerous further shoots of the
second order (ramuli). These latter are of limited growth, and hear
smaller leaves than the main shoots. In the angle between these
latter and the ramuli huds arise, many of which develop into shoots
of unlimited growth, which repeat the structure of the main axis.
Others of these huds, however, remain dormant till the flowering
period, and then develop into floral shoots. In the other genera we
ohserve a reduction in size of the secondary shoots, which goes
hand-in-hand with the increasing dorsiventrality of the thallus;
at the same time the secondary shoots may themseves show a very
mai'ked dorsiventral structure. In WilUsia seUtglnoides it is note-
worthy that these shoots attain a considerable height (2—7 cm.)
and stand stiffly out into the water, a strong hand of lignified tissue
around the central strand, enabling them to resist the force of the
current.

At the end of the rainy season, when the water begins to fall,
the flowers are developed and hy the time they get exposed to the
air, they are ready to open. In all the flattened forms they are
developed terminally on a secondary shoot, a numher of the leaves
being transformed into hracts hy the falling away of their upper
portions and an increased development of the hase. In Laiula they
are borne on special shoots, which arise from one of the many
maiginal growing points of the flattened thallus. In Tristicha
their development on branches of the main secondary shoots has
already been mentioned; in this genus they are only rarely found
on secondary shoots, arising directly from the thallus. The anemo-
philous flowers are generally destitute of a perianth (excepting
Tristicha and Lawia), its place being taken by a closed spathe,
which protects the young flower. In Faniieria and Hydrobryiim
sessile the flower is sessile, but it is usually provided with a short
peduncle, which elongates considerably later on ; after the flowering
is over the inner part of the cortex of the peduncle hecomes thick-
wallcd and strongly lignified and the outer thin-walled portion falls
away entirely, leaving the ripe fruit standing on a much thinner
pedicel than before and on a highly elastic one, which is probably
of advantage in the dissemination of the seeds. Another
interesting adaptation is observed in some of the flattened forms at
the time of flowering. In these only a certain number (generally
about one-third) of the secondary shoots ultimately become
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floriferous; the vasculai tissue, leading to them, which up to that
elements and the surrounding cortical tissue becomes thick-walled,
time is as usual totally undifferentiated, now develops typical xlyem
whilst the remaining unaltered portions of the thallus soon wither
or fall away entirely. By the development of these conducting
elements, the floral shoots, which are no longer submerged at the
time of flowering, are supplied with the necessary food-materials and
moisture.

One of the most important points, brought out by Mr. Willis's
paper, is the gradual transition from radial to dorsiventral floral
structure, which can be observed in the Podostemaceae, and which
can scarcely be accounted for on the principle of natural selection. The
flowers of Tristicha rainosisslma show radial symmetry, but in the
other genera, in which the thailus exhibits such a marked dorsi-
ventral structure, this also becomes more and more apparent in the
floral organs, just as it does in the secondary shoots. This
dorsiventrality of the flower evinces itself first in the suppression of
certain of the floral organs and leads up to the extremely dorsi-
ventral flower of Farineria metzgerioides, in which one of the two
loculi of the ovary is much more stronjjly developed than the other,
which is practically abortive. If anything this zygomorphism of the
flower is a positive disadvantage, and cannot be regarded as having
arisen as an adaptation to the mode of life. Mr. Willis considers it
to be the result of correlation in relation to the vegetative organs,
and thinks that the dorsiventrality of the flowers has been forced
upon them by the dorsiventrality of the former. It is at
least remarkable, that the more flattened and dorsiventral the vegeta-
tive organs are, the greater is the degree of zygomorphism evident in
the flower. Lawia forms an exception to this rule, in that,
although the vegetative organs exhibit an extreme of dorsiventrality,
the flower itself is radially symmetrical in structure.

The author also extends this view of the origin of dorsiventrality
in the flower of the Podostemaceae to the zygomorphic floral
structure of the other orders and points out that correlation may in
many cases have done more towards determining the structure of
an organ than natural selection.

F. E. FRITSCH.






